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Description

Field of the Invention

[0001] This invention relates generally to motor vehi-
cles that, in addition to having foundation brakes, have
mechanisms in their powertrains that can be operated to
decelerate a moving vehicle independently of foundation
brakes. The invention further relates to a system and
method for determining if braking torque that is potentially
available by operating such mechanisms is sufficient to
fully satisfy a braking request, thereby making application
of the foundation brakes unnecessary.

Background of the Invention

[0002] A motor vehicle, especially a large one like a
heavy truck or highway tractor, may be equipped with
one or more mechanisms in its engine/powertrain that
when operated can apply aload on the engine/powertrain
for decelerating the vehicle. Examples of such mecha-
nisms are devices like exhaust brakes, engine brakes,
and driveline retarders. Downshifting of a transmission
can also decelerate a vehicle.

[0003] The ability to decelerate a vehicle is also a func-
tion of vehicle weight. The heavier a vehicle, the greater
the kinetic energy that must be dissipated in order to de-
celerate it.

[0004] Alllarge motor vehicles have foundation brakes
that are the primary means for decelerating them. Foun-
dation brakes apply friction forces to rotating wheels, cre-
ating torque that opposes wheel rotation, and also gen-
erating heat that raises brake temperature. That torque
creates forces at the interfaces between the wheels’ tires
and road surface that oppose the direction of vehicle mo-
tion along the road, thereby decelerating the vehicle.
Every application of the foundation brakes contributes to
wear of brake linings or brake pads.

[0005] A system and method that can mitigate brake
temperature rise and reduce such wear even in what may
seem fairly small ways can be meaningful to the operation
of commercial vehicles like large trucks and highway trac-
tors. The use of engine/powertrain mechanisms is one
possibility for accomplishing this, but insofar as the in-
ventors are aware, there exists no effective system or
method for doing so, especially a system and method
that can integrate the operation of various braking mech-
anisms with foundation brakes while taking into account
the substantial difference in vehicle weight between un-
loaded and fully loaded conditions.

[0006] Certain motor vehicles (commonly called hy-
brids) have energy storage means, such as air tanks
and/or storage batteries, that capture kinetic energy to
decelerate a moving vehicle (such method of decelera-
tion sometimes being called regenerative braking). If suf-
ficient energy can be captured to satisfy a deceleration
request, foundation brakes need not be applied. A sys-
tem and method that can integrate the operation of var-
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ious engine/powertrain braking mechanisms with foun-
dation brakes, while taking into account the substantial
difference in vehicle weight between unloaded and fully
loaded conditions, in manners as herein contemplated
by the inventors, would typically give precedence to re-
generative braking. When a braking request cannot be
satisfied by regenerative braking alone, or when the on-
board energy storage means cannot accept more energy
for storage, then the use of engine/powertrain braking
mechanisms that do not store energy becomes appro-
priate before foundation brakes need be applied. Only
when such mechanisms cannot satisfy a deceleration
request does application of foundation brakes become
necessary:

[0007] The WO 01/49542 A1 discloses a device and
a procedure for braking a vehicle with a main brake and
an auxiliary brake, where the capacity of the auxiliary
brake can be utilized fully even when the road is slippery
and where the total braking effect of the vehicle is dis-
tributed more evenly between the driven and undriven
wheels of the vehicle compared to a conventional brake
device. As the main brake initially applies a braking effect
only to the vehicle’s undriven wheels, a gradual equali-
zation of the braking effect between the driven and un-
driven wheels is achieved with the requested increase in
braking effect. As the braking effect of the main brake is
initially applied only to the vehicle’s undriven wheels, the
braking load on the braking components of the driven
wheels reaches a high level not too early, a level that
causes a risk of the driven wheels slipping of the road
surface. The main brake applies a force pneumatically
to the wheels and the auxiliary brake can be an exhaust
brake, a compression brake or a retarder.

[0008] The WO 93/18949 A1 discloses a motor vehicle
according to the preamble of claim 1.

Summary of the Invention

[0009] The present invention relates to a novel adap-
tive deceleration control that integrates the operation of
various braking mechanisms with foundation brakes
while taking into account the substantial difference in ve-
hicle weight between unloaded and fully loaded condi-
tions. The invention contemplates avoiding the use of the
foundation brakes when relatively light decelerations are
requested by the driver of a vehicle and instead using
mechanisms present in the engine/powertrain to provide
appropriate braking for light decelerations. Light decel-
erations can be performed in this way over an initial por-
tion of the range of depression of the brake pedal when
operated by the driver. Depressions of the brake pedal
beyond this initial range cause the foundation brakes to
be applied.

[0010] As alluded to above, the inventors contemplate
that the use of such energy-dissipating mechanisms will
not be considered by a control system when a vehicle is
a hybrid, if regenerative braking alone can satisfy a de-
celeration request.
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[0011] Operation of various braking mechanisms that
are part of a vehicle powertrain is requested when eval-
uation of a deceleration request discloses that operation
of one or more of such mechanisms can satisfy the re-
quest, thereby precluding the need to apply foundation
brakes. Brake pedal depression beyond a range within
which the mechanisms are potentially capable by them-
selves of satisfying the request, causes foundation brake
application so that a fault that does not result in braking
by the mechanisms will cause the foundation brakes to
be applied when the driver, sensing lack of braking, de-
presses the pedal beyond the range.

[0012] One generic aspect of the present invention re-
lates to a motor vehicle comprising a chassis comprising
wheels on which the vehicle travels, at least some of
which are driven by an internal combustion engine
through a powertrain. A brake system for braking the
wheels comprises an actuator that is operated by a driver
of the vehicle to brake the vehicle by selective operation
of foundation brakes at the wheels and of one or more
mechanisms in the powertrain capable of applying brak-
ing torque to driven wheels.

[0013] A sensorassociated with the actuator discloses
vehicle deceleration request data corresponding to a ve-
hicle deceleration request by the driver. A processor ex-
ecutes an algorithm for carrying out the steps a)-g) de-
scribed in claim 1.

[0014] Braking that is performed in accordance with
the invention gives more consistent brake pedal opera-
tion that is less affected by the vehicle load, meaning that
when a vehicle is traveling at a given speed, a given
amount of brake pedal displacement will consistently pro-
duce essentially the same deceleration independent of
load.

[0015] One of the benefits of such operation occurs
during a situation where a vehicle is lightly loaded and
traveling at a speed where an ABS braking system would
not come into play. The inventive motor vehicle would be
able to decelerate in a manner that does not lock the
wheels, thereby avoiding wear that tends to make tires
out-of-round when rotating wheels suddenly lock.
[0016] Because certain principles of the invention take
vehicle weight into account, the same benefit is realized
in a like situation where the vehicle is instead heavily,
rather than lightly, loaded. It is believe that this attribute
can contribute to improved safety because braking will
be more consistent over a range of loads while brake
temperature rises that might otherwise occur can now be
avoided.

[0017] The foregoing, along with further features and
advantages of the invention, will be seen in the following
disclosure of a presently preferred embodiment of the
invention depicting the best mode contemplated at this
time for carrying out the invention. This specification in-
cludes drawings, now briefly described as follows.
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Brief Description of the Drawings

[0018] Figure 1 is a general schematic diagram of a
portion of a motor vehicle relevant to an understanding
of vehicle deceleration control principles of the present
invention.

[0019] Figures 2A, 2B, 2C, and 2D collectively com-
prise a flow diagram for an exemplary algorithm that im-
plements the invention and is repeatedly executed by a
processor in an electronic systems controller shown in
Figure 1.

[0020] Figure 3 is a graph showing certain relation-
ships that are present in the embodiment shown in Figure
1 for implementing deceleration control principles.
[0021] Figure 4 is agraph showing examples of certain
relationships associated with the deceleration control
principles.

[0022] Figure 5 is a graph showing more examples of
relationships associated with the deceleration control
principles.

[0023] Figure 6 is a graph showing still more examples
of relationships associated with the deceleration control
principles.

[0024] Figure 7 is a graph showing still more examples
of relationships associated with the deceleration control
principles.

[0025] Figure 8 is a diagram showing certain forces
acting on a trailer for explaining how the weight of a trailer
being towed by a motor vehicle that embodies the inven-
tive deceleration control principles can be calculated and
its effect included in calculating total vehicle weight.

Description of the Preferred Embodiment

[0026] Figure 1 shows a portion of a motor vehicle 10
relevant to an understanding of the vehicle deceleration
principles of the present invention. An electronic systems
controller (ESC) 12 is in communication with an engine
electronic control unit (engine ECU) 14, a transmission
electronic control unit, (transmission ECU) 16, and an
anti-lock brake system electronic control unit (ABS ECU)
18. A sensor 20 that is associated with a brake pedal 22
provides a data input to ESC 12. Other data inputs to
ESC 12 are designated by the general reference numeral
24.

[0027] ESC 12 comprises a processor that communi-
cates with processors of each ECU 14, 16, 18 to control
braking of vehicle 10 in accordance with brake request
data from sensor 20 as processed by an algorithm 30
that is programmed in ESC 12 and that will be explained
with reference to Figures 2A, 2B, 2C, and 2D.

[0028] Algorithm 30 iterates at a rate sufficiently fast
to track changes in brake pedal position as signaled by
sensor 20. The algorithm begins at a start 32, shown in
Figure 2A. A following step 34 develops from sensor 20
a data value corresponding to the position of brake pedal
22. Some of the other data inputs 24 are data represent-
ing vehicle speed and data representing the weight of
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the vehicle.

[0029] A step 36 processes the data value for brake
pedal position, the data value for vehicle speed, and the
data value for vehicle weight to determine a data value
for brake force that must be applied to the moving vehicle
in order to satisfy the request. That brake force can be
equated to brake torque that needs to be applied to the
vehicle’'s wheels.

[0030] The vehicle chassis comprises wheels on which
the vehicle travels. Those wheels may vary in number
and typically include driven wheels and non-driven
wheels. Driven wheels are those that are coupled through
a powertrain to an internal combustion engine. Various
aspects of engine operation are controlled by engine
ECU 14. Various aspects of transmission operation are
controlled by transmission ECU 16.

[0031] Non-driven wheels are those that lack coupling
through the powertrain to the engine. Depending on the
specific vehicle powertrain configuration, certain wheels
that are typically considered non-driven wheels may tem-
porarily become driven wheels. It is also possible that
driven wheels may be temporarily placed in non-driven
relation with the engine, such as when the transmission
is placed in neutral.

[0032] Allwheels of a vehicle typically have foundation
brakes that are typically drum- and/or disc-brakes, actu-
ated either hydraulically or pneumatically to brake the
wheels by friction through ABS ECU 18.

[0033] The next series of steps in algorithm 30 deter-
mine if the vehicle engine/powertrain has certain mech-
anisms other than foundation brakes that can be operat-
ed to brake the engine/powertrain. In this embodiment,
such devices include: an engine exhaust brake that can
increase engine back pressure by restricting exhaust
flow; an engine brake, commonly known as a "Jake"
brake, that is associated with the engine exhaust valves
to cause them to open in the vicinity of top dead center
and vent charge air that has been compressed in an en-
gine cylinder during the immediately preceding compres-
sion stroke so that the energy of compression is not re-
turned to the engine crankshaft during the ensuing down-
stroke; and a driveline retarder that may take any of sev-
eral different forms to impose additional load on the en-
gine. Any controllable device or mechanism that will pro-
duce drivetrain losses resulting in vehicle deceleration
can serve as a retarder during certain operating condi-
tions. For example, an engine cooling fan that can be
selectively connected to and disconnected from the en-
gine could be used as a retarder during certain condi-
tions. Other devices and mechanisms include air intake
throttle valves, electrical loads, and energy storage de-
vices that are not associated with hybrid vehicle opera-
tion.

[0034] Other mechanisms in the powertrain may also
be present for braking driven wheels. If a vehicle has a
transmission that is capable of being shifted automati-
cally, downshifting of the transmission can exert braking
onthe engine/powertrain to slow the vehicle. Some trans-
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missions have transmission retarders that are similar to
engine retarders in that they can be operated to apply a
load to the engine/powertrain via the transmission with-
outdownshifting. Downshifting offers the possible advan-
tage of more effective deceleration because it makes the
engine accelerate to a higher speed that will operate any
accessory loads directly driven by the engine at in-
creased speed, thereby increasing their energy dissipa-
tion.

[0035] With the needed brake force having been de-
termined by step 36, potential resources, such as those
just mentioned, for providing the increased load on the
engine/powertrain required to meet the needed brake
force can be ascertained and evaluated.

[0036] A step 38 determines if an exhaust brake is
present in the engine exhaust system. If so, a step 40
determines the brake force that the exhaust brake could
apply at the current engine speed (RPM) to decelerate
the vehicle if the exhaust brake were to be operated. A
step 42 then compares the results of steps 36 and 40 to
determine if operation of the exhaust brake would be suf-
ficient by itself to satisfy the brake request. If so, the ex-
haust brake is operated, as shown by a step 44, and the
currentiteration of the algorithm ends (reference numeral
46).

[0037] The exhaustbrake is operated by ESC 12 com-
municating to engine ECU 14 data representing the ex-
tentto which the exhaust brake should be applied. Engine
ECU 14 contains an appropriate exhaust brake control
strategy for operating the exhaust brake in accordance
with the brake request.

[0038] Had step 38 determined that no exhaust brake
was present, the algorithm would have skipped steps 40
and 42 and instead performed step 48 shown in Figure
2B to determine if an engine brake such as a"Jake" brake
is present in the engine. If so, a step 50 determines the
brake force that such a brake could apply to decelerate
the vehicle if it were to be operated. Because such a
brake can act selectively on certain engine cylinders, a
step 52 then compares the result of step 36 and the result
of step 50 based on use of two cylinders for engine brak-
ing to determine if brake action on two cylinders would
be sufficient to fully satisfy the brake request. If so, the
engine brake acts on only two of the engine cylinders,
as shown by a step 54, and the current iteration of the
algorithm ends.

[0039] The engine brake is operated by ESC 12 com-
municating data to engine ECU 14 for causing the engine
ECU to act on two cylinders. Engine ECU 14 contains an
appropriate control strategy for acting on the selected
engine cylinders.

[0040] Had step 52 determined that engine brake ac-
tion on two cylinders was insufficient to satisfy the brake
request, the algorithm would have continued with a step
56 to determine if engine brake action on four cylinders
would be sufficient to fully satisfy the brake request. Step
56 compares the result of step 36 and the result of step
50 based on four cylinders being used for engine braking.
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If step 56 discloses that four cylinders are adequate, the
engine brake acts on them, as shown by a step 58, and
the current iteration of the algorithm ends. The engine
brake is operated by ESC 12 communicating data to en-
gine ECU 14 for causing the engine ECU to act on four
cylinders.

[0041] Had step 56 determined that engine brake ac-
tion on four cylinders was insufficient to satisfy the brake
request, the algorithm would have continued with a step
60 to determine if engine brake action on six cylinders
would be sufficient to fully satisfy the brake request. Step
60 compares the result of step 36 and the result of step
50 based on six cylinders being used for engine braking.
If step 60 discloses that six cylinders are adequate, the
engine brake acts on them, as shown by a step 62, and
the current iteration of the algorithm ends. The engine
brake is operated by ESC 12 communicating data to en-
gine ECU 14 for causing the engine ECU to act on six
cylinders.

[0042] As the reader can appreciate, this example has
assumed a six-cylinder engine.

[0043] Had step 42 determined that full operation of
the exhaust brake would be insufficient to fully satisfy the
deceleration request, then the algorithm would have con-
tinued at step 48 and the algorithm would have proceed-
ed to execute as described above. Had any of steps 52,
56, and 60 determined that the engine brake could satisfy
the deceleration request from sensor 20, the engine
brake would have been applied to the appropriate extent
without the exhaust brake being operated.

[0044] If an iteration of the algorithm reaches step 60
and that step determines that the engine brake cannot
satisfy the deceleration request, then Figure 2C shows
that the algorithm performs a step 64 that determines if
combined use of the exhaust brake and the engine brake
would be able to satisfy the deceleration request. If so,
then a step 66 causes both brakes to be operated in
appropriate ways to provide the needed braking force
and the current iteration of the algorithm ends.

[0045] If step 64 determines that operation of both
brakes is insufficient to satisfy the request, or if step 48
determines that an engine brake is not present, then a
step 68 determines if a driveline retarder is present. If so,
a step 70 determines the brake force that such the re-
tarder could apply to decelerate the vehicle if it were to
be operated. A step 72 then compares the result of step
36 and the result of step 70 to determine if operation of
the retarder would provide sufficient brake force to fully
satisfy the brake request. If so, the retarder is applied,
as shown by a step 74, and the current iteration of the
algorithm ends. Application of the retarder will occur with-
out application of the exhaust brake or the engine brake.
[0046] If step 72 had determined that operation of the
retarder by itself would be insufficient to satisfy the de-
celeration request, then a step 76 determines if concur-
rent operation of the exhaust brake, of the engine brake
and of the retarder would be able to satisfy the deceler-
ation request. If so, then a step 78 causes all three to be
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operated in appropriate ways to provide the needed brak-
ing force, and the current iteration of the algorithm ends.
[0047] Had step 76 determined that operation of the
exhaust brake, of the engine brake and of the retarder
would be unable to satisfy the deceleration request, then
a step 80 (see Figure 2D) occurs. That step determines
if the powertrain includes an automatic transmission. If
no automatic transmission is present, then a step 82
causes the exhaust brake, the engine brake, and the re-
tarder to be operated, and the current iteration of the
algorithm ends because the algorithm contemplates no
more braking devices in the engine/powertrain.

[0048] If step 80 determines that an automatic trans-
mission is present, then a step 84 determines how much
brake force could be gained if the transmission were to
be downshifted one gear and if such downshifting would
provide at least enough braking force to satisfy the de-
celeration request. If that is the case, then a step 88 in-
itiates the downshift, and the current iteration of the al-
gorithm ends. The downshift occurs without the exhaust
brake, the engine brake, or the retarder being operated.
[0049] If step 84 determines that such downshifting
would not by itself provide at least enough braking force
to satisfy the deceleration request, a step 90 initiates the
downshift, but that is followed by a step 92 that subtracts
the engine brake force from the requested force, and the
algorithm returns to step 38 to continue through the var-
ious steps as already described to provide additional
braking. Because a downshift accelerates the engine,
more braking force can be obtained from powertrain brak-
ing/retarding devices, but because the downshift satis-
fied some of the request, the portion that was satisfied
must be subtracted from the request to avoid excess
brake force, and that is the reason for step 92 which pro-
vides the difference as the basis for the next iteration
beginning at C in Figure 2A.

[0050] From this description, one can see that the use
of various powertrain mechanisms is based on a hierar-
chy.

[0051] Figures5, 6, and 7 disclose representative trac-

es of braking force, or torque, that is available from the
various braking mechanisms that have been described.
The trace 108 in Figure 5 shows the effect of downshifting
the transmission. If the engine accelerator pedal in the
vehicle is released while the engine is running at a speed
of approximately 1200 RPM and the transmission is in a
particular gear, the engine and powertrain will impose an
arbitrary braking force of approximately 80 units on driven
wheels. If the transmission is downshifted one gear, the
engine will accelerate to about 2000 RPM and the braking
force will increase to about 110 units on the driven
wheels.

[0052] The traces 110, 112, and 114 in Figure 6 de-
scribe brake torque that is potentially available from a
"Jake" brake when braking six, four, and two engine cyl-
inders respectively. For each trace, the available brake
torque increases with increasing engine speed.

[0053] The traces 116 and 118 in Figure 7 describe
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braking force that is potentially available from a driveline
retarder and an exhaust brake respectively. For each
trace, the available braking force increases with increas-
ing engine speed.

[0054] As mentioned earlier, the adaptive deceleration
control of the present invention strives to use available
engine/powertrain mechanisms for braking, instead of
foundation brakes, when relatively smaller deceleration
requests requesting relatively light braking are issued by
sensor 20. For accomplishing this, sensor 20 is calibrated
in a particular way in relation to travel of brake pedal 22,
as explained with reference to Figures 1 and 3.

[0055] Over aninitial portion of the range of brake ped-
al travel in the direction of increasing depression of the
brake pedal, the foundation brakes are not applied. This
is the range between the solid and broken line positions
of pedal 22 in Figure 1. It is only after the brake pedal
has been depressed beyond that initial portion that the
foundation brakes are applied. The trace 102 in Figure
3 shows the percentage to which the foundation brakes
are applied as a function of brake pedal travel. During an
initial 10% of the range of brake pedal travel depicted in
Figure 1, the foundation brakes are not applied. Over the
remainder of the range of brake pedal travel, the foun-
dation brakes are increasingly applied with increasing
pedal travel until they are fully applied at maximum pedal
travel.

[0056] Ifsensor20isa potentiometer, pedaltravel from
0% to 10% of its range moves the potentiometer wiper
over its full range of travel, with the wiper remaining at
100% of its range of travel as pedal travel increases be-
yond the initial 10% of its range of travel. This is portrayed
by trace 100 in Figure 3. It is within the initial 10% range
of pedal travel that algorithm 30 is effective to decelerate
the vehicle without use of the foundation brakes. Be-
cause foundation brakes will be applied when pedal trav-
el exceeds the initial range, the strategy inherently pro-
vides a "fail-safe" feature that guards against a fault that
prevents braking during pedal travel over the initial range.
[0057] As also mentioned earlier, the data value for
the amount of pedal travel as processed by ESC 12 is
understood as a request to decelerate the vehicle at a
deceleration corresponding to that data value. Because
vehicle weightis a factorin accelerating and decelerating
a vehicle, vehicle weight needs to be at least approxi-
mately known in order for algorithm 30 to be effective in
invoking engine/powertrain braking that will result in the
requested deceleration.

[0058] For a motor vehicle having an air suspension,
on-board electronics technology can provide cost-effi-
cient measurement of vehicle weight, especially when
the use of measured weight is shared among various
systems to provide various performance improvements.
Data representing vehicle weight is used in the data
processing that occurs during step 36 of algorithm 30.
Measurement of vehicle weight can be made using sen-
sors associated with a vehicle’s air suspension.

[0059] In a vehicle such as a straight truck or highway
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tractor, measurement of weight is quite straightforward.
Two pressure sensors, one for the front suspension, the
other for the rear suspension, may be sufficient. Air pres-
sure is adjusted to reference (frame to axle distance),
and the measured pressure defines weight. Four pres-
sure sensors, two at the front and two at the rear, may
also be used.

[0060] In a tractor-trailer combination, a trailer having
air suspension allows associated sensors to provide trail-
er weight. Measuring weight involves inflation of suspen-
sion to reference displacement and measurement of
pressure.

[0061] A ftrailer lacking air suspension requires a dif-
ferent method. Tare weight of the tractor is measured
prior to trailer attachment. Assuming that tare weight of
the trailer is known, a uniformly loaded trailer weight is
approximated from weight on the tractor’s fifth wheel by
an understanding of trailer wheel location and conse-
quent center of gravity (CG)

[0062] Figure 8 diagrammatically shows a trailer on
which various forces are acting. Weight is defined by the
load distributed from the center of the trailer tandem axles
to the end of the trailer (distance x4). Weight M, is twice
the weight distributed across distance x4. For weight M,
to be balanced at axle center (CG) the weight distributed
across distance x, is the same as that across distance
Xq. i.€., Xq = Xy.

[0063] Because the sum of distances x, + X3 + x4 is a
known parameter and distance x, is readily resolved =
Y2(X3 + X4). This is the CG of M, which consequently
allows solution for opposing king pin force F where the
center of rotation for F is at the center of the tandem
trailer axles. King pin force F is measured via suspension
system air pressure at the tractor rear axles.

[0064] The braking required when the foundation
brakes are not being applied and travel of pedal 22 is
within the initial 10% range is generally proportional to
the request from sensor 20 and the vehicle weight. How-
ever, an air brake valve is always operated in correlation
with a specific pedal displacement. For a vehicle operat-
ing at or near gross weight, the load is preferably adjusted
such that My=M, resulting in substantially the same
weight applied to King Pin (or tractor driven wheels) as
is applied to the trailer wheels.

[0065] For a vehicle not loaded to gross weight, the
center of gravity of the load may vary depending upon
factors such as unloading sequence. With air suspension
on the trailer, load weight is the sum of the weight on the
tractor drive wheels plus the weight on trailer wheels.
[0066] If the trailer does not have air suspension (part
load) the user may enter distance x, into the truck on-
board computer, and the distribution of the load from a
grid layout. The estimated distribution then allows calcu-
lation of My vs M,

[0067] Further, the user may enter location of the trac-
tor fifth wheel, since if the fifth wheel is not centered,
some load will be shifted to the front axles (1 in. -> ~2%
weight shift).
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[0068] Figure 4 shows the influence of vehicle weight
on deceleration. The trace 104 shows the correlation of
deceleration (in arbitrary units) with operation of an air
brake valve operated by pedal 22 for an empty (non-
loaded) commercial vehicle. The trace 106 shows the
correlation of deceleration (in arbitrary units) with oper-
ation of an air brake valve operated by pedal 22 for the
same vehicle when fully loaded. For a given pedal dis-
placement, the corresponding application of the founda-
tion brakes will impart greater deceleration to the moving
unloaded vehicle than when the vehicle is fully loaded.
[0069] In the absence of air suspension, gross weight
of a tractor-trailer combination can be ascertained by any
suitably appropriate way, many of which are known in
the industry and utilize the know relationship between
force, mass, and acceleration. Acceleration can be
measured directly and/or mathematically calculated from
velocity change over time; force can be calculated from
engine torque.

[0070] While a presently preferred embodiment of the
invention has been illustrated and described, it should
be appreciated that principles of the invention apply to
all embodiments falling within the scope of the following
claims.

Claims
1. A motor vehicle comprising:

a chassis comprising wheels on which the vehi-
cle travels, at least some of which are driven by
an internal combustion engine through a pow-
ertrain that comprises a transmission that can
be shifted to different gears,

a brake system for braking the wheels compris-
ing an actuator that is

operated by a driver of the vehicle to brake the
vehicle by selective operation of foundation
brakes at the wheels and of at least one mech-
anism in the engine/powertrain capable of ap-
plying braking torque to driven wheels,

a sensor associated with the actuator for dis-
closing vehicle deceleration request data corre-
sponding to a vehicle deceleration request by
the driver, and

a processor comprising an algorithm

a) for processing vehicle deceleration re-
quest data from the sensor to determine
brake force needed to satisfy a vehicle de-
celeration request,

for processing data representing the brake
force needed to satisfy the vehicle deceler-
ation request and data representing brake
force that is potentially obtainable by oper-
ating the at least one mechanism in the en-
gine/powertrain and
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for requesting operation of the at least one
mechanism to satisfy the vehicle decelera-
tion request and then exiting when process-
ing discloses that operation of the at least
one mechanism can satisfy the request,
characterized in that

b) when processing discloses thatoperation
of the atleast one mechanism cannot satisfy
the request,

for requesting downshifting of the transmis-
sion and for determining both engine/pow-
ertrain brake force gain by such downshift-
ing and if the increased engine/powertrain
brake force resulting from such downshift-
ing would be sufficient to satisfy the request,
c) with the algorithm then exiting ifincreased
engine/powertrain brake force resulting
from such downshifting would be sufficient,
d) but if increased engine/powertrain brake
force resulting from such downshifting
would not be sufficient to satisfy the request,
for subtracting from the request the portion
of the request that would be satisfied by in-
creased engine/powertrain brake force re-
sulting from such downshifting to determine
a force difference,

e) for processing data representing the
force difference and data representing
brake force that is potentially obtainable by
operating the at least one mechanism in the
engine/powertrain, and

f) for requesting operation of the atleastone
mechanism when processing discloses that
operation of the atleastone mechanismcan
satisfy the force difference,

g) with the algorithm exiting after requesting
operation of the at least one mechanism to
satisfy the force difference.

The motor vehicle as set forth in Claim 1 wherein the
algorithm is structured to determine, according to a
hierarchy of mechanisms, data representing brake
force that is potentially obtainable by operating the
at least one mechanism.

The motor vehicle as set forth in Claim 2 wherein the
actuator operates the sensor over a range of oper-
ation and the algorithm is structured to cause appli-
cation of the foundation brakes when the actuator
operates the sensor beyond an initial portion of the
range of operation.

The motor vehicle as set forth in Claim 3 wherein the
actuator comprises a brake pedal and the sensor
comprises a position sensor sensing brake pedal po-
sition.

The motor vehicle as set forth in Claim | wherein the
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algorithm is structured to include an estimate of ve-
hicle weight data when determining brake force
needed to satisfy a vehicle deceleration request.

The motor vehicle as set forth in Claim 1, wherein
the atleastone mechanismincludes an engine brake
and an exhaust brake.

Patentanspriiche

Kraftfahrzeug, aufweisend:

ein Fahrgestell, das Rader aufweist, auf denen
sich das Fahrzeug fortbewegt, wobei zumindest
ein Teil davon durch einen Verbrennungsmotor
Uber einen Antriebsstrang angetrieben werden,
der ein Getriebe aufweist, das in verschiedene
Gange geschaltet werden kann,

ein Bremssystem zum Bremsen der Rader, das
einen Aktor aufweist, der durch einen Fahrerdes
Fahrzeugs betétigt wird, um das Fahrzeug
durch eine selektive Betatigung von Basis-
Bremsen an den Radern und von zumindest ei-
nem Mechanismus in dem Motor/Antriebs-
strang, der auf die angetriebenen Rader ein
Bremsmoment Gbertragen kann, zu bremsen,
einen Sensor, der dem Aktor zugeordnet ist, um
Fahrzeugverzdgerungs-  Anforderungsdaten
entsprechend einer Fahrzeugverzégerungsan-
forderung durch den Fahrer bekanntzugeben,
und

einen Prozessor, der einen Algorithmus auf-
weist

a) zum Verarbeiten der Fahrzeugverzoge-
rungs-Anforderungsdaten von dem Sensor,
um eine Bremskraft zu bestimmen, die be-
nétigt wird, um einer Fahrzeugverzbge-
rungsanforderung zu entsprechen,

zum Verarbeiten von Daten, die die Brems-
kraft darstellen, die bendtigt wird, um der
Fahrzeugverzégerungsanforderung zu ent-
sprechen, und von Daten, die die Brems-
kraft darstellen, die potentiell erhalten wer-
den kann, indem der zumindest eine Me-
chanismus in dem Motor/Antriebsstrang
betéatigt wird, und zum Anfordern des Be-
triebs des zumindest einen Mechanismus,
um der Fahrzeugverzégerungsanforde-
rung zu entsprechen, und dann zum Ver-
lassen des Betriebs, wenn durch die Verar-
beitung bekanntgegeben wird, dass der Be-
trieb des zumindest einen Mechanismus
der Anforderung entsprechen kann,

b) dadurch gekennzeichnet, dass, wenn
der Prozess erkennt, dass der Betrieb des
zumindest einen Mechanismus der Anfor-
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derung nicht entsprechen kann,

zum Anfordern eines Rickschaltens des
Getriebes und zum Bestimmen einer Motor/
Antriebsstrang- Bremskraftverstarkung
durch ein derartiges Riickschalten und ob
die aus dem Ruickschalten resultierende er-
héhte  Motor/Antriebsstrang-Bremskraft
ausreichend ware, um der Anforderung zu
entsprechen,

c) wobei der Algorithmus anschlieRend den
Betrieb beendet, wenn die erhéhte Motor/
Antriebsstrang-Bremskraft, die aus diesem
Ruckschalten resultiert, ausreichend ware,
d) doch wenn die erhdhte Motor/Antriebs-
strang-Bremskraft, die aus diesem Ruck-
schalten resultiert, nicht ausreichend ware,
um der Anforderung zu entsprechen,

zum Subtrahieren von der Anforderung den
Anteil der Anforderung, dem durch die er-
héhte  Motor/Antriebsstrang-Bremskraft,
die aus diesem Ruckschalten resultiert, ent-
sprochen werden kénnte, um eine Kraftdif-
ferenz zu bestimmen,

e)zum Verarbeiten von Daten, die die Kraft-
differenz darstellen, und von Daten, die die
Bremskraft darstellen, die potentiell erhal-
ten werden kann, indem der zumindest eine
Mechanismus in dem Motor/Antriebsstrang
betatigt wird, und

f) zum Anfordern des Betriebs des zumin-
dest einen Mechanismus, wenn die Verar-
beitung bekanntgibt, dass der Betrieb des
zumindest einen Mechanismus der Kraftdif-
ferenz entsprechen kann,

g) wobei der Algorithmus den Betrieb been-
det, nachdem der Betrieb des zumindest ei-
nen Mechanismus angefordert worden ist,
um der Kraftdifferenz zu entsprechen.

Kraftfahrzeug nach Anspruch 1, wobei der Algorith-
mus so strukturiertist, dass entsprechend einer Hier-
archie von Mechanismen Daten bestimmt werden,
die die Bremskraft darstellen, die durch Betétigung
des zumindest einen Mechanismus potentiell erhal-
ten werden kann.

Kraftfahrzeug nach Anspruch 2, wobei der Aktor den
Sensor innerhalb eines Betriebsbereichs betatigt
und der Algorithmus so strukturiert ist, dass eine An-
wendung der Basis-Bremsen bewirkt wird, wenn der
Aktor den Sensor auflerhalb eines initialen Ab-
schnitts des Betriebsbereichs betatigt.

Kraftfahrzeug nach Anspruch 3, wobei der Aktor ein
Bremspedal aufweist und der Sensor einen Positi-
onssensor aufweist, der eine Bremspedalposition
erfasst.
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Kraftfahrzeug nach Anspruch 1, wobei der Algorith-
mus so strukturiert ist, dass er eine Schatzung der
Fahrzeuggewichtsdaten beinhaltet, wenn die
Bremskraft bestimmt wird, die bendtigt wird, um ei-
ner Fahrzeugverzégerungsanforderung zu entspre-
chen.

Kraftfahrzeug nach Anspruch 1, wobei der zumin-
dest eine Mechanismus eine Motorbremse und eine
Abgasbremse beinhaltet.

Revendications

Véhicule a moteur comprenant :

un chassis comprenant des roues sur lequel le
véhicule roule, au moins certaines d’entre elles
étant entrainées par un moteur a combustion
interne par l'intermédiaire d’'un groupe motopro-
pulseur qui comprend une transmission pouvant
passer a des vitesses différentes,

un systéme de frein pour freiner les roues, com-
prenant un actionneur qui est mis en fonction-
nement par un conducteur du véhicule pour frei-
ner le véhicule en faisant fonctionner sélective-
ment des freins de base sur les roues et au
moins un mécanisme dans le moteur/groupe
motopropulseur apte a appliquer un couple de
freinage aux roues entrainées,

un capteur associé a I'actionneur pour décrire
des données de demandes de décélération du
véhicule correspondant a une demande de dé-
célération du véhicule par le conducteur, et

un processeur comprenant un algorithme

a) pour traiter des données de demande de
décélération du véhicule par le capteur pour
déterminer la force de frein qui est néces-
saire pour satisfaire une demande de décé-
lération du véhicule,

pour traiter des données représentant la for-
ce de frein qui est nécessaire pour satisfaire
la demande de décélération du véhicule et
des données représentant la force de frein
qui peut étre obtenue potentiellement en fai-
sant fonctionner le au moins un mécanisme
du moteur/groupe motopropulseur, et
pour demander un fonctionnement du au
moins un mécanisme pour satisfaire la de-
mande de décélération du véhicule, puis
sortir lorsque le traitement décrit que le
fonctionnement du au moins un mécanisme
ne peut pas satisfaire la demande,
caractérisé en ce que

b) lorsque le traitement décrit que le fonc-
tionnement du au moins un mécanisme ne
peut pas satisfaire la demande,
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pour demander une rétrogradation de la
transmission et pour déterminer a la fois le
gain de force de frein de moteur/groupe mo-
topropulseur par cette rétrogradation et si
la force de frein augmentée du moteur/grou-
pe motopropulseur provenant de cette ré-
trogradation serait suffisante pour satisfaire
la demande,

c) puis par I'algorithme sortir si la force de
frein du moteur/groupe motopropulseur
provenant de cette rétrogradation serait suf-
fisante,

d) mais si la force de frein augmentée du
moteur/groupe motopropulseur provenant
de cette rétrogradation ne serait pas suffi-
sante pour la demande,

pour soustraire de la demande la partie de
la demande qui serait satisfaite par la force
de frein augmentée du moteur/groupe mo-
topropulseur provenant de cette rétrogra-
dation pour déterminer une différence de
force,

e) pour traiter des données représentant la
différence de force et des données repré-
sentant la force de frein qui peut étre obte-
nue potentiellement en faisant fonctionner
le au moins un mécanisme du moteur/grou-
pe motopropulseur, et

f) pour demander un fonctionnement du au
moins un mécanisme lorsque le traitement
décrit que le fonctionnement du au moins
un mécanisme peut satisfaire la différence
de force,

g) sortir par algorithme apres avoir deman-
dé le fonctionnement du au moins un meé-
canisme pour satisfaire la différence de for-
ce.

Véhicule a moteur suivant la revendication 1, dans
lequel I'algorithme est structuré pour déterminer, sui-
vant une hiérarchie de mécanismes, des données
représentant une force de frein qui peut étre obtenue
potentiellement en faisant fonctionner le au moins
un mécanisme.

Veéhicule a moteur suivant la revendication 2, dans
lequel I'actionneur fait fonctionner le capteur sur une
plage de fonctionnement et I'algorithme est structuré
pour provoquer une application des freins de base
lorsque I'actionneur fait fonctionner le capteur au-
dela d’'une partie initiale de plage de fonctionnement.

Véhicule a moteur suivant la revendication 3, dans
lequel I'actionneur comprend une pédale de frein et
le capteur comprend un capteur de position détec-
tant la position de la pédale de frein.

Véhicule a moteur suivant la revendication 1, dans
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lequel I'algorithme est structuré pour comprendre
une estimation de données de poids du véhicule lors
de la détermination de la force de frein qui est né-
cessaire pour satisfaire a une demande de décélé-
ration du véhicule.

Véhicule a moteur suivant la revendication 1, dans
lequel le au moins un mécanisme comprend un frein
moteur et un frein sur échappement.
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